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Abstract. We conjecture that bright gamma-ray bursts 
(GRBs) are bright because they come from sources which 
are intrinsically over luminous and not because they come 
from nearby sources. We show that this hypothesis is sup- 
ported by theoretical and observational arguments and 
that it explains some well-known properties of GRBs such 
as their Hardness-Intensity Correlation or the No-Host 
problem. We discuss the consequences of this hypothe- 
sis on our understanding of the properties of the GRB 
population. 
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1. Introduction 

During the 90 's the observations of the Burst and Tran- 
sient Source Experiment (BATSE) on board the Comp- 
ton Gamma-Ray Observatory provided a wealth of data 
on the properties of gamma-ray bursts at soft gamma-ray 
energies. The interpretation of these data was however 
complicated by our lack of knowledge of GRB distances. 
This situation changed dramatically in 1997 with the dis- 
covery of afterglows at X-ray wavelength by BeppoSAX, 
which led to the discovery of visible afterglows and to the 
first distance determinations. In this paper we show that 
the availability of burster distances sheds a new light on 
the interpretation of GRB properties measured at 7-ray 
energies. 

The redshifts measured since 1997 (Table 1) have ex- 
posed the very broad dispersion of GRBs in luminosity. 
With these new observations in mind, we discuss here the 
possibility that it is the burster intrinsic luminosity, and 
not the distance to the source, which determines the burst 
brightness measured at the earth. In Section 2, we show 
that this hypothesis is supported by the distribution of 
GRB luminosities presently available. In Section 3, we 
explain that it also naturally explains some well known 
(statistical) properties of the gamma-ray bursts. The con- 
sequences of this hypothesis on our understanding of the 
GRB population are discussed in Section 4. 
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We now define our use of the words brightness and lu- 
minosity. We call the burst intensity measured at the earth 
brightness. The most common measures of brightness are 
the peak flux (in units of ph cm^^ s^^) and the fluence 
(in units of erg cm^^). We call the burst energy emit- 
ted at the source luminosity. The most common measures 
of luminosity are the peak luminosity (in units of ph s~^) 
and the total luminosity (in units of erg) . In the absence of 
information on the beaming factor of the gamma-ray emis- 
sion, the peak and total luminosities are computed under 
the assumption that the source is radiating isotropically; 
if the 7 emission is beamed toward us, the total energy 
radiated by the source could be much smaller. In order 
to keep this paper simple we deal with a single measure 
of the burst brightness (the fluence) and the correspond- 
ing measure of luminosity (the total luminosity) . We have 
checked that the use of the peak flux does not change our 
conclusions. 

2. The Brightness Luminosity Correlation of 
GRBs 

The first measures of GRB redshifts have exposed the 
broad range of intrinsic luminosities of these sources and 
their comparatively small range of distances. In order to 
provide a more quantitative view of this statement, we 
show in Table 2 various estimates of the dispersion of 
GRBs in distance and in luminosity. 

The Table 2 strongly suggests that the parameter 
which primarily determines the burst brightness measured 
at the earth is not the distance of the source, but its in- 
trinsic luminosity. This situation is the opposite of the 
standard candle hypothesis. In the following we call it the 
Brightness Luminosity Correlation hypothesis (or BLUC). 
Such a situation can only happen if the bursters have a 
particular spatial distribution which is discussed in Sec- 
tion 4.3. 

It is clear, however, that the number of redshifts which 
have been measured so far is too small to draw definite 
conclusions. A few tens of redshifts spanning the whole 
range of GRB brightnesses will probably be needed to 
transform what we still consider as a hypothesis into a 
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Table 1. Luminosity of GRBs with known distances. The luminosities have been computed for a standard universe 
with Ho=70 km s~^ Mpc~^ and GRBs with a spectral index of -2. GB980425 has been excluded from this table since 
its association with the supernova 1998bw at a redshift of 0.0085 remains controversial. 



Name 



Fluence 



Redshift 



Total Energy 



GB970228 1.1 10"^ (Hurley et al. 1997) 

GB970508 4.0 10"^ (BATSE Current GRB Catalog) 

GB971214 1.3 10"^ (BATSE Current GRB Catalog) 

GB980613 1.7 10"^ (Woods et al. 1998) 

GB980703 6.2 lO"'^ (BATSE Current GRB Catalog) 

GB990123 5.1 10"* (BATSE Current GRB Catalog) 

GB990510 2.6 10"^ (Kippen et al. 1999) 



0.695 (Djorgovski et al. 1999) 
0.835 (Mctzgcr ct al. 1997a, b) 
3.42 (Kulkarni et al. 1998) 
1.096 (Djorgovski et al. 1998b) 
0.966 (Djorgovski et al. 1998a) 
1.60 (Kelson et al. 1999) 
1.619 (Vreesvijk et al.l999) 



8.8 lO'^^ 
4.4 10^^ 
1.3 lO'^^ 
3.0 10^^ 
8.8 lO'^^ 
1.7 lO'^* 
8.6 10^^ 



firmly established GRB property. Nevertheless we consider 
that, despite these uncertainties, the BLUC hypothesis 
has enough impact on our understanding of GRBs to de- 
serve a discussion of its consequences. This is done in the 
following sections. 

3. Brightness dependant properties of GRBs 

The brightness dependance of GRB properties has been 
extensively studied during the 90's as a way to unravel cos- 
mological effects (e.g. spectral redshift or time dilation). 
The rationale behind this work was the concept that faint 
GRBs were more distant on average, and that they should 
consequently be more affected by the expansion of the uni- 
verse. These studies have disclosed two important proper- 
ties of GRBs, the so-called Hardness-Intensity Correlation 
(or HIC) and the Time Dilation (TD). 

The BLUC conjecture, on the contrary, states that 
faint GRBs are not due to more distant sources but to 
sources which are intrinsically less luminous. This leads to 
a different interpretation of the Hardness- Intensity Corre- 
lation and of the Time Dilation which we discuss now. 

3.1. The Hardness-Intensity Correlation 

The Hardness- Intensity correlation is the observation that 
bright GRBs have on average harder energy spectra than 
faint GRBs. This property has been discussed by several 
authors in various contexts (e.g. Mallozzi et al. 1995; Deza- 
lay et al. 1997 and ref. therein). Within the context of 
BLUC, the Hardness-Intensity Correlation simply reflects 
an underlying correlation between the luminosity of the 
source and its spectral hardness. This effect is indeed ex- 
pected within the framework of cosmological models which 
invoke a plasma expanding at ultra-relativistic velocities, 
with a Lorentz factor (F) of several hundred. The rela- 
tivistic expansion of the emitting plasma multiplies the 
energy of the photons by a factor F while it increases the 
source luminosity by a huge factor (of the order of F^). 
The combination of these two effects naturally produces 
a correlation between the average photon energy and the 



luminosity of the source; if the burst brightness reflects 
the radiated luminosity (as postulated by the BLUC con- 
jecture) this correlation is observed as HIC. 

3.2. The Time Dilation 

Time Dilation is the observation that the timcscales in 
the time histories of faint bursts are typically longer than 
those measured in bright GRBs. The reality of this ef- 
fect and its interpretation have been subject to ample 
discussions (e.g. Lestrade et al. 1993, Norris et al. 1994, 
Band 1994, Mitrofanov et al. 1996, Lee and Petrossian 
1997, Stern et al. 1997 and ref. therein). In the context 
of the BLUC hypothesis, TD means that the timescales 
are longer in the light curves of intrinsically subluminous 
bursts. 

In the absence of a detailed model of the GRB prompt 
emission there is no straightforward interpretation of this 
feature (unlike for the Hardness-Intensity Correlation). 
We note, however, that Ramirez-Ruiz & Fenimore (1999) 
have recently found that the faint peaks within a gamma- 
ray burst last longer than the more intense ones. This 
feature seems to supports the fact that low luminosity 
emission has longer characteristic timescales. 

3.3. The No-Host problem 

Another property of GRBs which has been discussed over 
the last years is the so-called No-Host problem, which is 
based on deep observations of the error boxes of several 
bright historical GRBs. A detailed analysis of these error 
boxes (obtained by triangulation over the last 30 years) 
shows that they do not contain bright galaxies. If we as- 
sume that GRBs arc hosted by normal galaxies, the ap- 
parent magnitude of the brightest galaxy in each error box 
can be used to derive a lower limit on the typical distance 
scale of those bright GRBs. The no-host problem arises 
when one tries to extrapolate the distance derived for the 
brightest events to the population of faint GRBs. Schaefer 
(1999) shows that if faint GRBs are a distant version of 
bright bursts and if they are hosted by normal galaxies. 
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Table 2. Contribution to the brightness dispersion of 
GRBs from their intrinsic luminosity function and from 
their spread in distance. These numbers are computed for 
a standard universe with Ho=70 km s~^ Mpc^^ and GRBs 
with a spectral index of -2. The standard deviation is given 
for the logarithm of the quantity. 



Parameter 


Luminosity 


Distance 


Dynamic Range 


560. 


13.3 


Standard Deviation 


0.98 


0.38 


Correlation with brightness 


0.93 


0.24 



they must be placed at very large distances (z w 6). An al- 
ternative explanation proposed by Schaefer, is that GRBs 
do not reside in normal host galaxies. 

The BLUC conjecture offers a third way to solve this 
problem. If the brightness of GRBs is dominated by their 
intrinsic luminosity, faint GRBs are not distant versions 
of the brightest events. They are instead bursts which are 
intrinsically less luminous but which have essentially the 
same distance scale (see below). The BLUC hypothesis 
thus allows all GRBs to reside in normal galaxies. 

4. Discussion 

This section is devoted to a brief analysis of the conse- 
quences that BLUC would have on our understanding of 
the GRB population if future redshift measurements con- 
firm it. 

4.I. What is an average GRB ? 

As emphasized in the title, the BLUC hypothesis implies 
that bright GRBs are not representative of the bulk of 
the population. They are intrinsically more luminous, with 
harder spectra and cannot be used to infer the properties 
of average GRBs. It seems thus better to use faint or inter- 
mediate GRBs to derive the typical characteristics of the 
population (duration, energy of the peak of the SED...). 

4-2. The interpretation of the curve log(N)-log(S) 

Within the framework of BLUC the power law distribu- 
tion of bright GRBs is not the consequence of the spatial 
distribution of nearby sources but a direct measure of the 
luminosity distribution of gamma-ray bursts. In the inter- 
nal shocks paradigm, this distribution is closely related 
to the distribution of the Lorentz factors of the emitting 
plasma. In this context it looks like an interesting coinci- 
dence that this slope equals —3/2 which is precisely the 
value expected for sources homogeneously distributed in 
a Euclidean space. 

The break in the intensity distribution occurs when the 
luminosity function is fully sampled for nearby bursters. 



The interpretation of the curve Log(N)-Log(S) in the con- 
text of BLUC presents many other interesting properties 
which we plan to discuss in a future paper (Atteia et al., in 
preparation) . In a more general way, BLUC provides a nat- 
ural explanation of the fact that burst subclasses appear 
to have different intensity distribution (e.g. Belli 1997, 
Pendleton et al. 1998, Tavani 1998). Since the brightness 
distribution reflects the luminosity distribution, it is not 
surprising that GRB subclasses selected according to their 
temporal or spectral properties display different luminos- 
ity (hence brightness) distributions. 

4-. 3. The GRB distribution in distance 

If the BLUC conjecture is correct, the distance of a GRB 
has little impact on its observed brightness. The only way 
to achieve such a situation is to consider bursters which 
are restricted to a limited range of distances. This means 
that the bulk of the burster population occupies a shell- 
like volume around us with the more distant GRBs be- 
ing only a few times farther than the nearby ones (while 
sources which are simply bounded in space which can have 
a very broad range of distances). This seems to indicate 
that most GRBs occured at a particular epoch of the life 
of the universe. In the context of the current ideas on the 
origin of GRBs, which relate them to violent stellar ex- 
plosions, the BLUC conjecture thus appears compatible 
with the existence of a relatively well defined period of 
enhanced stellar formation. 

Another way to express this situation is to say that 
GRBs belonging to different classes of brightness have es- 
sentially the same distribution in distance. An amusing 
consequence is that modest GRB detectors (like PVO or 
ULYSSES) do sample the whole volume containing the 
GRBs, but for the brighest ones only. More importantly, 
this formulation provides an effective way to check the 
BLUC hypothesis via its prediction that faint and bright 
bursts must have the same range of redshifts. The avail- 
ability of a few tens of redshifts in the next few years with 
BeppoSAX and IIETE-2 should confirm or discard this 
conjecture. Should BLUC be confirmed, the redshifts al- 
ready measured provide a good idea of the extent of the 
GRB distribution in distance. 
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